Most unparalysed pre-term infants continue to make spontaneous respiratory efforts when ventilated for respiratory distress syndrome (RDS). During intermittent positive pressure ventilation the infant's spontaneous respiratory effort can interact with ventilator inflation and deflation and be associated with adverse outcomes, such as an increased risk of air leaks and intraventricular haemorrhage.1-4 A means to determine continuously the spontaneous inspiratory and expiratory times (Ti and Te) during intermittent positive pressure ventilation would be useful in research and may help when selecting ventilator settings. 5 The ideal technique to obtain such data would be non-invasive, unobtrusive, and allow continuous on-line measurement of spontaneous respiratory times. Many techniques exist which can be used to measure the respiratory pattern, but they are either too invasive or do not discriminate reliably between ventilator and spontaneous activity. Those that may discriminate but are too invasive for continuous monitoring include the measurement of oesophageal pressure and phrenic nerve activity. Methods which are non-invasive but unable to discriminate spontaneous breaths from ventilator inflations include those that rely on thoracic impedance, plethysmography and measurement of airway pressure and flow.
Measurement of diaphragmatic electromyograms (EMG) is non-invasive and therefore acceptable for use in pre-term infants. However, it is difficult to obtain clear EMG signals because of noise from adjacent cardiac and abdominal muscle activity.6
The Graseby pneumatic capsule (Graseby Medical, Berks, England) applied to the sub-xiphisternum provides a reliable signal of spontaneous respiratory activity which is minimally influenced by the ventilator.7
Premature infants have highly compliant chest walls and poorly compliant lungs. Diaphragmatic contraction causes xiphisternal retraction. This retraction (clinically seen as recession) distorts the capsule, whereas ventilator inflation leaves the capsule undistorted. Figure 1 shows a recording where ventilator inflations did not coincide with every spontaneous breath. The signal during spontaneous breaths coincident with ventilator inflation is similar in both shape and amplitude to that without the ventilator inflation. This shows little direct mechanical interference from ventilator inflations on the spontaneous respiration signal. The inspiratory times from the previous n accepted breaths (n is independently adjustable and typically set to 100) are stored in a buffer for averaging. A separate buffer is used for the expiratory times. The median values for Ti and Te in the buffers at the end of every 10 seconds are output to the screen and stored to disk in ASCII files. The raw data are also stored to disk at the end of each 10 second epoch as binary files.
VALIDATION OF THE TI AND TE GENERATED BY THE SOFTWARE Validation of any new technique against an accepted gold standard is important. There is, however, no obvious gold standard against which to validate the computerised respiratory analysis system. As described earlier, several techniques exist which can monitor respiratory effort, but none is sufficiently non-invasive and able to discriminate reliably between spontaneous and ventilator activity during intermittent positive pressure ventilation (IPPV). It was therefore impossible to validate this respiratory analysis technique during intermittent positive pressure ventilation. We used a pneumotachograph signal for comparison with the respiratory analysis system during endotracheal continuous positive airway pressure (ETCPAP).
Twenty four infants ventilated for respiratory distress syndrome were studied during brief periods of ETCPAP. Simultaneous recordings were made of the Graseby and flow signals. Both signals of respiratory activity were displayed by the respiratory analysis program.
The respiratory analysis program provides on-screen cursors which can be used to determine the time interval between two selected points to the nearest 0-02 seconds, the sampling interval at a frequency of 50 Hz. 
Inspiratory time
Expiratory time Figure 2 Box and whisker plot of absolute differences between respiratory analysis software and pneumotachograph (software -pneumotachograph) for inspiratory time and expiratory time. The limits of the box represents the interquartile range, the line through the box the median of the differences, with the absolute range denoted by the whiskers.
the pneumotachograph for Ti, with a smaller mean difference of 1 6% (O 1 to 3. 1 %) for Te. 
Discussion
The monitoring of spontaneous inspiratory and expiratory times in ventilated premature neonates is limited by the lack of techniques available that can distinguish between ventilator and spontaneous activity, and that are suitable for clinical use. Previous studies have analysed only short periods of spontaneous respiratory activity. This paper describes a computerised technique to measure continuously the spontaneous inspiratory and expiratory times of ventilated premature neonates with RDS using the Graseby respiration sensor.
Algorithms identify and reject non-respiratory movements based on criteria of both breath amplitude and duration. Due to the large number of respiratory movements available for analysis, the limits for these criteria have been set to ensure that most nonrespiratory movements are rejected, even if some genuine breaths are also rejected as a result. Inevitably there will be some genuine breaths which are interpreted as artefact and some non-respiratory movements which are interpreted as breaths.
The averaging performed on the accepted breaths uses the medians of variable sized lists (or buffers), typically 100 breaths, to reduce the effect of outliers. This has implications for whether changes in the respiratory pattern will influence the calculated values for Ti and Te, and how quickly these effects would be seen. Large deviations from the current respiratory pattern (with new values which do not fall near the current median), and occurring for a few breaths relative to the size of the lists, would have little influence on the calculated values.
However, large deviations from the current respiratory pattern, occurring for a large number of breaths relative to the list size, would influence the calculated values, but it would take some time for the full effect to become apparent. For example, with buffers of 
